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in preparation, 1999), we only note here that near the polar front the dynamical tropopause rather than the thermal tropopause was generally found to be the appropriate parameter to distinguish between tropospheric and stratospheric air. An example is given in Figure  2 , where the vertical distances of the aircraft to the dynamical tropopause, here defined as the height of the 2 Potential Vorticity Unit (P.VU)surface (1 PVU = 10 -6 Km2 kg-ls-1), and to the thermal tropopause are plotted as a function of the O3 mixing ratio at flight level. During our study an O3 mixing ratio of 60ppb was found to correspond to the ozonopause (see section 4). Figure 2 clearly indicates that the thermal tropopause typically does not agree with the in situ detected ozonopause. Both quantities can differ by up to 3 km, a feature already observed by Bethan et al. [1996] , mostly associated with cyclonic conditions. In contrast, the ozonopause height coincides much better with the altitude of the 2 PVU surface; therefore in this study, solely the dynamical tropopause is used.
Results and Discussion
All samples were taken in the winter months of December to the beginning of April, north of 48øN. Therefore insignificant photochemical production of O3 can be assumed within the observation area [Gregory et al., 1992] , and O3 is likely to be a reliable tracer of stratospheric air near the tropopause. During all flights, ambient air with O3 mixing ratios above 60ppb were always associated with low levels of H20 (which additionally showed an unexpected isotopic composition [Zahn et al., 1998a] ) and with high PV [Zahn et al., 1998b] and therefore could clearly be assigned to stratospheric origin. The same ozonopause definition (60ppb) was used by Conway and Steele [1989] , who conducted simultaneous CO2, CHq, and O3 measurements in the arctic troposphere, as well. Accordingly, samples with O3 levels above 60 ppb were viewed as "stratospheric," below this boundary as "tropospheric."
The Tropospheric Data
All together 58 samples could be attributed to tropospheric air (see Table 1 ). Unfortunately, this small number of samples makes it difficult to identify possible seasonal cycles or any meridional gradient of the measured trace gases. As air parcels of highly different origin and history were sampled, for instance, a simple plot of the data versus latitude shows strong scatter and does not give representative meridional trace gas profiles. As we will show now, the potential temperature of a tropospheric air mass can be a more suitable marker for its meridional origin than the instantaneous latitude itself. 4.1.1. The potential temperature used as tracer for N-S transport.
In Figure 3 , the ambient potential temperatures 0 encountered during each individual sample collection are plotted as a function of the respective sampling latitude • (dots). Although the aircraft kept a constant pressure level of 397 q-24 hPa (1 a variation), these potential temperatures largely scatter between 286 and 314K and do not follow the expected gradual decrease with latitude. On the other hand, the bold line, which is the mean profile averaging the complete flight time of 650 hours, varies almost linearly with latitude. Apparently, the large variety of different transport phenomena taking place in the free troposphere such as -1-adiabatic movement spreading over large distances and timescales,-2-sporadic short-term diabatic transport caused by convective updrafts originating in the lower troposphere, or-3-long-term diabatic energy dissipation due to radiative cooling (e.g., 1-2 K day -1 around the tropopause in the polar night), which all together are responsible for the vigorous scatter found for individual sample spots, are averaged out in data of only 650 hours in the huge flight area that ranged from 17 ø to 86 øN.
Before presenting back trajectory calculations affirming this close relation between potential temperature 0 and latitude T and before giving an explanation for it we first derive an analytical relation between both quantities. Note that the area of latitudinal bands diminishes with the cosinns of the latitude.
Thus the likelihood of sampling air originating from the south rather than from the north increases with sampling latitude. As a consequence, the observed 0-T relation (bold line in Figure 3 ) has the tendency to assign potential temperatures at high latitudes that are slightly too high, so that simply a linear 0-T relation over the whole area examined is assumed (dashed line). We call However, in order to exploit the potential temperature 12t,927 Ratios Below 60ppb   Date  Time,  •,,  O,  T,  H,  P,  O,  TP,  03,  CO=, CH4,  SF6,   GMT  øN  øE  øC  km  hPa  K  km  ppb  ppm  ppm  ppt   1 The most likely explanation is that this discontinuity marks the mean latitude of the polar front during our study. Unfortunately, a clear distinction, whether an individual sample was collected north or south of the polar front, in most cases was neither possible with the help of weather charts nor with back trajectory calculations because -1-the aircraft was frequently close to the rapidly varying polar front zone and-2-diabatic processes near the subpolar jet stream restrict the quality of isentropic trajectory calculations. Nevertheless, a rough estimation reveals that about the same number of tropospheric samples was gathered north and south of the polar front; the mean sampling latitude of 65. At first glance a plot of our data versus the representative latitude seems to describe the trace gas composition in the upper troposphere quite realistically. However, that kind of display implicates one problem not mentioned yet. As indicated by back trajectory calculations, on average the air masses with the highest potential temperatures (> 310 K) first were encountered at The number of the SF6 samples (line 4) and the p values, the probability that the linear correlation coefficient R is zero, are given in parentheses. Figures 8a and 8b) . This is probably because all sources of atmospheric CH4 and SF6 are located at the ground, but at least 50% of the polar upper tropospheric 03 is injected from the stratosphere [Browell et al., 1992a [Browell et al., , 1994 Table 2 .
Tropospheric Samples Characterized by Oa Mixing
Likewise, a negative CH4-CO2 correlation can be derived from airborne sampling above Russia by Nakazawa et al. [1997b] . When plotting the data given in their Table 2 
The Stratospheric Data
As addressed in section 3, stratospheric samples were identified by O• levels above the ozonopause value determined to 60 ppb. Although these samples were typically taken only 0-1.5 km above the tropopause (see Table 4 ), as shown below, their trace gas compositions behave differently from upper tropospheric air. 4.2.1. Vertical trace gas gradients in the lowermost stratosphere.
First, a suitable flight parameter had to be found that describes most realistically how far the aircraft immersed into the stratosphere. As among samples 30-32, all stratospheric samples were collected within (mesoscale) tropopause folds or baroclinic zones; the use of (model-processed) meteorological data, for example, the ECMWF potential vorticity field, failed to determine the vertical distance of the aircraft to the tropopause accurately (note the scatter in Figure  2) . Again, the (in situ measured) potential temperature was identified to be a reliable quantity (see Figure 9 ).
The transition from tropospheric to stratospheric air is emphasized by distinguishing samples which trace gas composition shows an intermediate dependence on the potential temperature, namely, O• levels between 60 and 110ppb. In the troposphere the trace gas vs. potential temperature relation describes meridional trace gas profiles (see Figure 6 ), but in the stratosphere the relation describes vertical trace gas profiles (see Figure  9 ). The vertical trace gas gradients for the intermediate range (stars) and the "pure" stratospheric samples (open circles) are quoted in Table 5 in which the potential temperature is used as a vertical coordinate. Note that this type of gradient is nearly conservative during rapid vertical displacement of the tropopause, which is not the case when using the altitude as a vertical coordinate.
As expected, O• strongly increases just above the tropopause, but its close dependence on the potential temperature, R = 0.97 for Oa levels above 110ppb, is somewhat surprising. The observed deviations from the linear relation are mainly due to variations of the potential temperature with latitude. Namely, the ozonopause shows a nearly constant potential temperature of 287 q-2 K near the North Pole and around 305 K at ~50 oN. Assessing this observation, note that each data point in Figure 9a represents a singular air mass arbitrarily picked out of a potpourri of strongly varying synoptical conditions and types of air masses.
A similar, close relationship to the potential temperature was seen for stratospheric methane (see Figure  9c and Table 5 ). For instance, considering the samples that show Oa levels above 110ppb, the correlation coefficient amounts to R = -0.95.
Unexpectedly, carbon dioxide strongly scatters between 358 and 372ppm in the lowermost stratosphere (see Figure 9b) . Because CO2 in the extratropical over-ZAHN ET AL.: FATE OF CO2, CH4, Oa, AND SF6 NEAR THE TROPOPAUSE 13,935 The 
